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Study on distribution and degradation of typical antibiotics in aquaculture
LI Zhenjin
(State Environmental Protection Key Laboratory of Environmental Health Impact Assessment of
Emerging Contaminants ,Shanghai Academy of Environmental Sciences ,Shanghai 200233, China)
Abstract : Taking sulfamethazine ( SM1) , enrofloxacin ( ENR ) , chlortetracycline ( CTC) and trime-
thoprim (TMP) as the research objects, the degradation processes of typical antibiotics in aquaculture
water,as well as their distribution and degradation in water—sediment system were studied by control
experiments. The results showed that in aquaculture water, the hydrolysis half—lives of SM1,ENR and
CTC with the initial concentration of 50 pg + L™ were 152.6,115.9,and 59.2 d, respectively, while
TMP hardly hydrolyzed. Under simulated sunlight with light intensity of 3 000 lux,the photolysis half —
lives of SM1,ENR ,and CTC were 17.4,33.0,and 3.5 d respectively,while TMP hardly photodegraded.
The biodegradation half-lives of SM1,ENR,CTC and TMP were 31.3,328.5,5.3,and 259.6 d,respec-
tively. The comprehensive degradation rate of each antibiotic was faster than the degradation rate of any
single reaction. In the water—sediment systems of 3 different aquaculture types (fish,shrimp,crab) ,all
the four antibiotics in the aqueous phase decayed rapidly within 0~7 days. At equilibrium,the adsorp-
tion coefficients (Kd) of SM1,ENR,CTC and TMP were 1.52~3.12,26.65~40.44,4.79 ~ 12.05, and
1.16~3.85 L - kg™', and there were obvious differences in the adsorption coefficients of antibiotics in

different system. In sediments,the degradation half-lives of CTC and TMP were long (29.1~60.5 d
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and 26.7~42.5 d) ,while the half-life of SM1 was short (8.2~20.5 d). The half-life of ENR varied

greatly in different sediments. The persistence of antibiotics in sediments was generally higher than that

in water.
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Table 1 Physical and chemical properties of water in the aquaculture area

B DOC/ Mgt/ cl/ NO3/
KRR pH » ] 1 ]
(mg+L77) (mg-17") (mg - L77) (mg -+ L7) (mg - L")
£t 3 7.74 2.1 13.5 90.8 8.07
R 7.69 2.1 10.2 50.3 6.34
g ik 7.56 1.5 8.94 54.5 7.94

x2 KFEFERTRYHELER

Table 2 Physical and chemical properties of sediments in the aquaculture area

K BHE bR pH FF B T3/ (emol - kg™!) HHLRR (g - kg™!) FIKR %
oIk 7.28 21.1 22.9 72.4
LIS 6.92 32.8 48.5 56.8
i 7.42 18.7 15.2 53.1
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Table 3 Detection conditions of mass spectrometry analysis for 4 antibiotics

bit&R ERBE T/ (m-27") EMEBE TR/ (m - 27" HefLHLE/V T g R/ eV
SM1 265.06/110.06 256.06/155.99 25 20/15
TMP 291.2/123 291.2/230.29 25 25/20
ENR 360.4/316.20 360.4/245.3 20 18/25
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1.4 LWH*E T S S FE P Y AH A
1.4.1 KIERFPHAEZ O EME (3) H= YR i S 55

PEIRKRE - ARSI FH £ 3 KA 8 SR,
280.7 pm JEMEILYE B 1E K o R ) X S 56 4
PR, 4 LA R AT S AR A

(1) KAt 256

ERf 5 HL 200 mL ZKHET 250 mL BEEEIH
R KR 121 °C KT 40 min, SR )5 & T1E IR
FEAAEESE 1 d AR K 2 IR, SR E 2
AHREE B 5) Hk 4 R AR R ARG IRNA 2
IKFE AW AG BT A R EE 530 50 pg - L7 AN
200 pg - L7 B0 R A 40 28 0 0 T 3 i
HEG T BT, BCE T 25 CHER R R
IYHIAE0.1.3.7.14 21 28 42 56 d HUke, HOkE &
H 1 mL, % 0.22 um KA CREAR) £ 20 jE 4 2
PR HERER R, S R E

(2) bfR s

HERI I 200 mL K FET 250 mL BEESH T,
TEEEKEH 121 °C K 40 min, 2R )5 & T1H
HEREFRFERE SR 1 A AHRE D PR 2 Ik, SEER ik
B2ANUREE, ok 4 FhbuAs F IR A RO
A B AERIEHTA R W 7300 50 pg - L
1200 wg - L7, 0 FH B 10 5% B 5 49 SO 55
CE T 25 CRYTEIR B FRAE T, B R R
3000 lux, 43%I7E0.1.3.7.14.21 .28 .42 56 d HL
K BURERE M 1 mL, 42 0.22 um KA IERS ARG
PERESR R, SE RPN E N R AL BT R A,

HERR I 200 mL KA T 250 mL BEI
P15 ks 4 il R IR A BOMA Z KR
TERIRAHTAE AR EE R 50 pg + L7A1200 pg - L',
BYESIA AR AR O A SR R R
WCE T 25 CHIREEFRA T, 40 0IFE 0.1.3.7,
14,21 .28 42,56 d HUFE, BUFE &0 1 ml, &
0.22 pm KA ERS EAE QIR P, 37 BP0 E
X B2 S 56 55 /K S SRR P A T

(4) IKURH R 7 i 2 56

HERR I 200 mL ZKAE T 250 mL BEI M
SEHGBEE 2 AR A K 4 R AE R IR A
VSR A 2K B v ) i o A 3R R R A 0 ok
50 wg « L' 1200 wg « L7 31 &S B 10 i 28
BFCE T 25 C IR FRAE T, 1 B B
3000 Lux, 097 0.1.3.7.14 21 28 42 56 d
BURE  BURERE M 1 mL, 42 0.22 wm KA B2 A7
R, 37 BRI A
1.42 R-ABHEANIRAEZGER

PRSI A o 20 emx20 ¢cmx20 em AYHE
G, VIR SKMEE 1 4(v:v), B
3.5 emPIBWIZ A 14 em K2 (5.6 L) , SLHHTG
ORI B Bk, B LA g Y26 5, #iE T
i3 d 5,4 2.8 mL 100 mg - L' 4 Fhditk Ehx
WETR B W I 2= KRR (K AR TR Bt A= R 9
AURE R 50 g - L7, b R 02 P K AR Bt



www.chinacaj.net

K IR FEIRIE b A B 6 4 B e A AT A AT A D57

R B SIIRIETTRRE A Z 0, BEEs G
JCE A PH O 7 R HE R R AP S s L SR
TEBEE N 25 C, KA 3175 0.8 h 12 h 1 d,
3d.7d.14d.21d.28d.35d.42d.56 d HBUEE, B
FEE A1 mL, 4 0.22 wm KAHEN R UERS EAEOIERE
S, S B, DR AR 23 BIAE 0.3.7 1421
28 .42.56.80,90 d HX 2 ¢ RIZVIFRY, L HTAL LT 7R
JEHEREREN , BT BT S B2 T 225 TR

IR E 3 44T
1.5 HESH

Bl 3 APAT S8 W SR A, 5L 4
S OriginPro 9.0 #E17#L& FIFER

ok ik S 5 () 5CH R SR FH — R 0 3 7 2 T R ik
A, xRl (1) fis .

C, =Cpe™ (1)

KD W CoRPUERMWARWE, pg - L7 (8L
pe - kg sC & ¢ BFRIBS T AE R, pg - L7
(3 pg - kg™') se J& ASRIKE : R, dsk 22—
DA R R

L A (DT, ) oI LAE A= (2) 1155

DT, = In2/k (2)

URRAIRT AR 2R W R 1 0 AT LA 2 B 32 2

(K,)FR:

CS
K, = C (3)
aq
12
—=— 50 pg'L !
11k ——200 gL'
1.0F
<
< 09
0.8}
0.7
06 1 1 1 1 1 1 1
0 10 20 30 40 50 60
5 fil/d
(a) SM1
12
L1k —=— 50 pg'L!
—0—200 ug-L™!
1.0F
0.9}
Sosl
o}
0.7}
0.6}
0.5
04 1 1 1 1 1 1 1
0 10 20 30 40 50 60
5 [H)/d
(¢) CTC

C/Cy

C/Co

A (3) o C R VURYY T A R P A kO
pg « L7 C KPR AP PARRE  ug - kg™’

2 #ER5HH

2.1 KINEHRIEZNER

(1) 7K fiet

Zead 56 d /KR SER IR 4 Fhiid: A K i
RESER(E 1), PIHRHKRE R S0 ng - LT'HY
SM1 .ENR, CTC [ % %4 54 19.3% . 26.8% .
40.8% ,TMP JL-F- A &K il ok 2 0K g 2
JE 5 H A ORI A P E A 56, SMI 1Y
T2 I AT Ay i T P R A Pl o R 1 i g
(—S(==0),—) 4L A, 7E/K i B A 5 1 1k 2= 4
SEPE, CTC S48 LA YA A (0 428 3R S 255, 78
i AR R, R P AR E . ARSI I £
WK pH=7.74, 38 CTC 5 KM%, WIhh 4R
% 200 wg -+ L' 5 SM1 . ENR Fll CTC # 7K i
RIFEA BRI

— R BN 12 7 R T AR AT HA G K i
IR HE N 50 pg - L7'AF, SM1 ENR #il CTC
B K 2 2 5 152.6,115.9 .59.2 d,

(2) Jtfit

2833 56 d JEAESLER 5, SM1 ENR 1 CTC 4B
FH TR ADCEIRE (K 2) , VIR R

1.2

—=— 50 pg'L !
L1t ——200 pgL'
1.0f
0.9}
0.8}
0.7+
0.6 1 1 1 1 1 1 1
0 10 20 30 40 50 60
i) /d
(b) ENR
12
—a—50 gL’
11 —e—200 ug'L!
09}
08}
07}
06 1 1 1 1 1 1 1
0 10 20 30 40 50 60
i [1)/d
(d) TMP

B 1 4FREREFRBEREKPHKBETE

Fig.1 Hydrolysis process of 4 antibiotics in the aquaculture water
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Fig.2 Photolysis process of 4 antibiotics in the aquaculture water

— 2 N B 325 R R B A UL O R I
I WIHEHE N 50 pg - L', SM1 ENR Fl CTC
H G5 17.4 .33.0 3.5 d, XF HEASTA]
SCHR R TE B O fife i 8 Bl R i e T LUK B
HARMGRSERARKZER, W FE R E
AR FEOERR TR, PUBR R 2404 F A0 F e
FEITE 26 ~ 136 min Z[H], IR TAS L5 45 R . Knapp
SRR g A R R, AE 4 H O E B A
T, ENR MREA#E 500 0.8 d #13.7 d, KT
ARSI ZEIL T Y R AR R R ST
JHie FROI e AR B /N 2.1 b IR AR S
5 LR ERTIR A SL R O i o I A A A 5T
S5 R, 3 0] BB SR AN A G BRI K 1) B 4
R [ ) Jef e 1 5 S PR 5 A Y

(3) A=Wy R fi

223t 56 d KGR, WGl 50 pg - LR
SM1 .ENR . CTC F1 TMP FY A= ¥ B it A I K
60.0% .10.7% . 100.0% F1 15. 8%, )i ¥ FE N
200 pg - L7 B, 4 FT AR 200 AL 0 R A SR AR I Ol
47.7% 31.1% ,100.0% 1 7.7% . 4 =591 4 e &

J& ,SM1 I TMP F A 4 5 fife 32 2040461, 1 ENR 19
AR R A (K 3) .

4 Fhi Ak R 0 2E PR A AR A AL, 2 R B R
F 3 IS 00 0 gt 22 BP0 R Yang %51 MR 5
R TR R 12 h AR R A e ] | i
T2 FTEDEME P AR e A, X S5ARR
L5 SR —B, 4 FhbiAE RAETT — RIEARBA YR
fift, Yuan S5 WFFTRN], H HPUE R R4

BPUERA G R, BB R B R, X T

fieS2 51l SMI1 ENR F1 CTC [Afitid % T Aeny 5

4 Pl A 210 A W e ik S 40T LR — 2R
N8 2507 B e A i, SMT  ENR , CTC F1
TMP A P 9% A1 2 01 43 ) oy 31.3.328.5.5.3,
259.6 d., Lin 25U 4fGH 1R K HP R e 2 1Y A
PEEWIRT 300 d, B TASSLEAE R, Xu %7
IS S 7 il i Y S s 7 K Hp A ) R i 2 3 0 R
14.2~16.9 d R TASLEZE R, bk R4k
FEAT BT 2, IR pH & &0 vk
) AR T 2L ORI R4 R R R 2

(4) KRR B 25 A5 B it



www.chinacaj.net

A KEFRARE PR F G S5 BRI EBAT AR - 59 -

SEBR/K PR BT AR 3R A SRR K R DGR A FIRZA N Hﬁﬁiﬁhi%%ﬂ 2, %
i%wﬁél? Rl VE RO ZE R B Y S FEN IR T

BEAAUAURE A A SN R B AR EOR . AR S0 3 2@%??@0%-UﬁmmMgL*Mﬂ
ﬁ&ﬂhi?ﬁ@%ﬁ*%%%%@ﬂﬁzﬁﬁ ik R A B IEOLINE 4 FR
12 12
- o ! 850 pg'L!
1.0} \ . Zgopﬁgll‘ 11} ®—200 pg'L”
0.8} 1.0+
S 06f S ool
Q @]
041 osh ‘
02} T
0.7} ~
0.0}
010 20 30 40 50 60 COTTTI0 20 30 40 50 60
I f)/d I [f)/d
(a) SM1 (b) ENR
1.2
—m— 50 pgL! L1k —m— 50 gL
@200 pg'L! ® 200 pg'L"

CiCo
S
o
.
°

0.9
TTm
0.8 F
0.7+
0.0
1 1 1 1 1 1 1 0.6 1 L 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
I [H)/d I fil/d
(¢) CTC (d) TMP
3 ATRAEREREEKPEYERDE
Fig.3 Biodegradation process of 4 antibiotics in the aquaculture water
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Fig.4 Comprehensive degradation process of 4 antibiotics in the aquaculture water
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Table 4 The first—order reaction kinetic constants and half-lives of the comprehensive degradation of 4

antibiotics in the aquaculture water

AE W/ (g« L71) R /! DTyy/d R?
50 0.070 13 9.8 0.944
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200 0.061 07 11.3 0.946
50 0.043 75 15.8 0.958
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Fig.5 Degradation process of 4 antibiotics in the water of different ponds

x5 AMMEREARRDRMFTEBEKFN—EREHNEZEHRFERH

Table 5 The first—order reaction kinetic constants and half-lives of 4 antibiotics in the water of different ponds

PR FRIH I A A DT5y/d R?
1 0.026 46 26.1 0.887
SM1 LIy 0.044 97 15.4 0.931
i3 0.038 58 17.9 0.925
i 0.608 23 1.1 0.923
ENR L1y 0.845 73 0.8 0.927
1% 0.396 60 1.7 0.991
i 5.250 57 0.1 0.887
CTC LIy 6.541 66 0.1 0.948
1% 3.515 19 0.2 0.897
fhr 0.141 69 4.8 0.966
TMP L3 0.156 79 4.4 0.950
1% 0.074 87 9.2 0.882
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Table 6 First—order reaction Kinetic constants,half-life and partition coefficient of 4 antibiotics

in the sediments of different ponds

Wi FRIH AT IR /A7 DTs,/d Ko/ (L - kg™") R?
i 0.033 75 20.5 3.142 4 0.809
SM1 LIS 0.084 37 8.2 2.7359 0.948
fig 0.043 25 16.0 1.5215 0.929
i 0.113 79 6.1 40.441 2 0.940
ENR LIS 0.009 18 75.5 26.812 1 0.851
fug 0.011 93 58.10 26.564 2 0.819
1 0.023 8 29.1 12.055 6 0.786
CTC LIS 0.021 45 32.3 10.639 9 0.810
g 0.011 44 60.5 4.786 2 0.764
i 0.016 28 42.5 1.164 7 0.689
TMP LIS 0.021 44 32.3 3.285 4 0.922
g 0.025 90 26.7 3.858 2 0.976
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Fig.6 Concentration changes of 4 antibiotics in the sediments of different ponds
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